Abstract---
INTRODUCTION
ATER tanks are used to store water. Cost, shape, size and building materials used for constructing water tanks are influenced by the capacity of water tank. Shape of the water tank is an important design parameter because nature and intensity of stresses are based on the shape of the water tank. In general, for a given capacity, circular shape is preferred because stresses are uniform and lower compared to other shapes. Lesser stresses imply, lower quantities of material required for construction which brings down the construction cost of water tanks. The classification of water tank is as shown below. A cylindrical tank having spherical dome at the top and a smaller diameter dome at the bottom with cylindrical tank through a conical dome is called INTZE tank. In the case of large diameter elevated circular tanks, thicker floor slabs are required resulting in uneconomical designs. In such cases, INTZE type tank with conical and bottom spherical domes provides an economical solutions. The proportions of the conical and the spherical bottom domes are selected so that the outward thrust from the bottom dome balances the inward thrust due to the conical domed part of the tank floor. 
II

Top Spherical Dome
The dome at top is usually 100 mm to150 mm thick with reinforcement along the meridians and latitudes. The rise is usually l/5th of the span.
Top Ring Beam
The ring beam is necessary to resist the horizontal component of the thrust of the dome. The ring beam will be designed for the hoop tension induced.
Cylindrical Side Walls
This has to be designed for hoop tension caused due to horizontal water pressure.
Bottom Ring Beam
This ring beam is provided to resist the horizontal component of the reaction of the conical wall on the cylindrical wall. The ring beam will be designed for the induced hoop tension.
Conical Dome
This will be designed for hoop tension due to water pressure. The slab will also be designed as a slab spanning between the ring beams at top and the ring girder at bottom.
Bottom Spherical Dome
The floor may be circular or domed. This slab is supported on the ring girder. 
Bottom Circular Girder
This will be designed to support the tank and its contents. The girder will be supported on columns and should be designed for resulting bending moment and Torsion.
Columns
These are to be designed for the total load transferred to them. The columns will be braced at intervals and have to be designed for wind pressure or seismic loads whichever govern.
Foundations
A combined footing is usually provided for all supporting columns. When this is done it is usual to make the foundation consisting of a ring girder and a circular slab 
Data
Capacity of tank = 1000m 3 Height of supporting tower = 16m
Number of columns = 8
Depth of foundations = 1 m below ground level. Provide 8 m ɸ at 160 mm centre to centre both circumferentially and meridional.
Permissible Stresses
Design of top Ring Beam
Hoop tension = F1 
Design of Cylindrical Tank Wall
Maximum hoop tension at base wall Provide a ring beam of 1200mm wide by 300mm deep with 18 bars of 20mm ɸ and distribution bars of 10mm ɸ from cylindrical wall taken round the main bars as stirrups at 180mm centers.
Design of Conical Dome
Average diameter of conical dome = Provide 12mm at 120mm centres circumferentially and along the meridians.
IV. OPTIMIZATION OF INTZE TANK
Optimization is the selection of a best element (with regard to some criteria) from some set of available alternatives. In the simplest case, an optimization problem consists of maximizing or minimizing a real function by systematically choosing input values from within an allowed set and computing the value of the function.
As the construction materials are getting extinct day by day it is important for the structural engineers to concentrate on optimum designing of the structures. With a special reference to structural problem it is always one of the minimizing or maximizing a certain specific characteristic of structural system like cost, weight, performance capability of the system depends on the problem. This to be achieved without sacrificing any of the functional requirements like stresses deformation and load capabilities.
Thus, the optimization procedure must only be used to those problems where there is a definite need of achieving a quality product or competitive product. Where, X is an n-dimensional vector called the designed vector; f(x) is termed the objective function. The number of variables n and the number of constraints m and/or p need not be related in any way. 
Methods of Optimization
Problem Statement
The first step in any optimization formulation is to identify the decision variables, and to define the objective function and the constraints that control the solution. The mathematical form of a single objective optimization can be stated as follows:
Such that Z = F(X) = Overall Cost →Minimum (2) Subject to g j (X) ≤ 0 j = 1,m
where, m is the number of inequality constraints (g), and n is the number of the design variables.
Depending on the nature of the objective function and the constraints, the general optimization problem posed by Eqs.
(1) to (4) can be accordingly classified as linear or nonlinear mathematical models.
Design Variables
In the present study 4 variables are considered in the design; namely, thickness of cylindrical wall (X 1 ), thickness of bottom ring beam (X 2 ), thickness of the conical bottom dome (X 3 ), thickness of spherical bottom dome (X 4 ). X T = {X 1 , X 2 , X 3 , X 4 }= {t w , t b , t c , t bs }
Objective Function
The objective function is the total cost of concrete, and reinforcing steel required for the water tank, and can be described as follows:
Minimum F (X) = (cost of concrete * volume of concrete) + (cost of steel * volume of steel)
The concrete is typically measured by volume V c (X) whereas steel by weight A f (X).
It should be noted that V c (X) and A f (X) are both nonlinear explicit functions of design variables {t w , t b , t c , t bs }. Therefore, minimum and maximum bounds on the design variables are used during the search to avoid some combinations of these design variables that give rise to geometric infeasibility. 
Constraints
The constraints considered in the problem are:
1. The thickness of the cylindrical wall (t w ) and conical dome (t c ) is restricted to the limiting direct tensile stress as per IS: 456-2000. 2. The thickness of beam (t b ) and bottom spherical dome (t bs ) is restricted to permissible value of concrete. 
